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© FILTER MEDIUM FOR SELECTIVELY REMOVING LEUCOCYTES. 

(57) A filter medium for selectively removing leucocytes, 
which comprises fibers having n onionic hydrophilic groups 
and basic nitroqen-containinf^ f.,nrt.nr.ai ^.^..p^ i^^^^ 
the peripheral surrace thereof. The use of the filter medium of 
the present invention as a filter for removing leucocytes en- 
ables effective removal of leucocytes with a small loss of 
blood platelets, and hence it can be effectively used in blood 
platelet transfusion and the treatment of external blood circu- 
lation to remove leucocytes. 
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Specification 

A filter m edium for selectively removinq leuco- 
cytes 

5 

Field of the Invention 

The present invention relates to a fibrous 
filter medium for selectively removing leucocytes. 
More particularly, the present invention is 

10 concerned with a filter medium for selectively 

removing. leucocytes, which is capable of efficiently 
removing leucocytes, with little loss of platelets, 
from a cell-containing suspension containing both 
platelets and leucocytes, represented by blood. 

15 Still more particularly, the present invention is 

concerned with a filter medium which is used as a 
filter for selectively removing leucocytes, which is 
capable of removing leucocytes inevitably contained 
in the blood to be used for, e.g., platelet transfu- 

20 sion while holding down the loss of platelets to che 

minimum, and which is also capable of removing 
leucocytes in the extracorporeal circulation leuco- 
cyte removal therapy for autoimmune diseases and 
leukemia while holding down the loss of platelets to 

25 3. minimum. 
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Description of the Prior Art 

In the field of blood transfusion, platelet 
transfusion for improving the bleeding condition of 
a patient fills an important position. Platelet 
5 transfusion includes fresh whole blood transfusion, 

fresh concentrated red cells transfusion, platelet 
rich plasma transfusion and platelet concentrate 
transfusion, and in each type of such transfusions, 
the blood product usually contains a considerable 

10 amount of leucocytes. If a patient repeatedly 

receives transfusion of blood containing leuco- 
cytes, anti-leucocyte antibodies are likely to be 
produced in the patient- In such a patient, an 
antigen-antibody reaction occurs between the leuco- 

15 cytes transfused along with the transfused blood 

and the anti-leucocyte antibodies, causing side 
effects such as rigor, fever, headache and nausea. 
It is also known that in blood transfusions, if the 
transfusion blood contains a large amount of 

20 lymphocytes or if the immune system of the blood 

recipient is weakened for some reason, the so- 
called GVK reaction is likely to occur. Also, it 
is recently known that the less the amount of the 
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leucocytes introduced in platelet transfusion, the 
better the survival of the transfused platelets in 
the body of the patient. For the above reasons, it 
has been desired in the field of platelet transfu- 
sion to remove leucocytes including lymphocytes as 
much as possible while holding down the loss of 
platelets to a minimum. 

Meanwhile, the therapies for autoimmune disease 
and leukemia by extracorporeal circulation have 
recently been drawing attention as new therapies 
free from the danger of causing side effects which 
are often observed in pharmacotherapy. in this case 
too, of course, it is desired to effectively remove 
leucocytes including lymphocytes while holding down 
the loss of platelets to a minimum. 

The leucocyte removal from the blood has 
conventionally been conducted by a centr i f ugation 
process using a continuous type centrifuge and the 
like. However, th.is process has disadvantages in 
that the efficiency of leucocyte removal is not so 
high, that the useful components of the blood 
including platelets are considerably lost, and that 
not only expensive apparatus are needed but also 
cumbersome operations are required. 

On the other hand, there has been proposed a 
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filtration process which consists in removing leuco- 
cytes by adhering leucocytes onto fibers. This 
filtration process has advantages in that the leuco- 
cyte removal efficiency is high, the loss of 
erythrocytes and plasma is low, and the operation 
required is simple and can generally be performed at 
low cost, 

Takenaka et al. disclosed that a filter 
comprising a mass of fibers having an average 
diameter of 3 to 1 0 ym can efficiently entrap leuco- 
cytes (see U.S. Patent No. 4,330,410, British Patent 
No. 2018151B, French Patent No. 7905629, and West 
German Patent No. 2908722). Watanabe et al. dis- 
closed that a non-woven fabric filter comprised of 
fibers having an average diameter of less than 3 urn 
not only has a high leucocyte removal efficiency but 
also can attain an increased rate of treating blood 
(see Japanese Patent Application Laid-open Specifi- 
cation No. 60-193468 and European Patent Application 
Publication No. 01 55003)-' Hov/ever, they do not 
contain a description with respect to the behavior 
of platelets, and according to the present 
inventors' actual experiments in which blood was 
flowed through these known filters, it was found 
that a considerable amount of platelet was also 
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removed along with leucocytes. 

Kuroda at al. disclosed a method for collecting 
a leucocyte- and lymphocyte- enriched blood contain- 
ing less amounts of erythrocytes and platelets by 
the use of a filter comprising fibers coated with an 
antithrombotic material (see Japanese Patent 
Application Laid-open Specification No. 55-129755). 
However, according to the present inventors' actual 
experiment in which blood is flowed through this 
filter, although the loss of platelets was low, the 
ability to entrap leucocytes was low so that the 
selective removal of leucocytes could not be 
attained. 

Tsuruta et al. disclosed that a polymer having 
nitrogen-containing basic functional groups and 
having a nitrogen content of from 0.05 to 3.5 % by 
weight exhibits an extremely low adhering property 
for platelets (see Japanese Patent Application Laid- 
open Specification Nos. 60-119955 to 119957). 
However, this application does not contain a dis- 
closure about the behavior of leucocytes for the 
above-mentioned polymer. 

As described hereinbefore, there has so far not 
been known any method that is capable of selectively 
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and efficiently removing leucocytes, with little 
loss of platelets, from a cell-containing suspension 
containing both platelets and leucocytes. 
D isclosure of the Invention 

An object of the present invention is to 
provide a filter medium useful for a filter for 
selectively removing leucocytes, which is capable of 
efficiently removing leucocytes while holding down 
the loss of platelets to a minimum and which is 



useful in a platelet transfusion and an extracor- 
poreal circulation leucocyte removal therapy. 

Not only in the case of a fiber, but also in 
general,, the adhesiveness of cells to a certain 
material depends on the property of the surface of 
the material. 

It is well known that in order to pr event 
platelets from adhering to a certain material, a 
hydrophilic monomer is graft-polymerized onto the 
surface of the material, or a hydrophilic polymer is 
coated on the surface of the material. However, the 
material surfaces obtained by such techniques become 
less adhesive not only to pla telets but alsg to 
leucocyres and,''Tlier^fare, such techniques have 
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never been able to be employed to attain the object 
of the present invention, that is, provision of a 
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filter medium for selectively removing leucocytes, 
which is capable of efficiently removing leucocytes 
by adhesion with little loss of platelets. 

In the meantime, it has been a generally 
observed phenomenon that in a physiological liquid 
such as one containing cells, the surface of a 
material having nitrogen-containing basic functional 
groups turns to have a positive charge and becomes 
well adhesive to both platelets and leucocytes which 
have a negative charge. 

'^he present inventors have made extensive and 

intensive studies with a view to developing a 
material for selectively adhering leucocytes, which 
is not adhesive to platelets but^^^^^^^ leuco- 
cytes. As result, it has surprisingly been found 
that a fiber having nonionic hydrophilic groups and 
nitrogen-containing basic functional groups in its 

nitrogen atom content of from 0.2 to 4.0 % by weig ht 
^in the surfa ce portion, has such a property found in 
no conventional fibers that it is well adhesive to 
leucocytes while being less adhesive to platelets, 
and it has also been found that, by using this fiber 
as material for a filter medium, removal of leuco- 
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cytes can efficiently be performed while holding 
down the loss of platelets to a minimum. Based on 
these novel findings, the present inventors have 
completed the present invention. That is, according 
to the present invention, there is provided a filter 
medium for selectively removing leucocytes, which 
comprises a plurality of fibers, each comprising a 
body portion and a peripheral surface portion, and 
each containing nonionic hydrophilic groups and 
nitrogen-containing basic functional groups at least 
in said peripheral surface portion, said peripheral 
surface portion having a basic nitrogen atom content 
of from 0.2 to 4.0 % by weight. 

The reasons for the employment of fibers in the 
filter medium of the present invention reside in 
that a fiber form has a large area per unit weight, 
which is ideal for efficiently removing leucocytes, 
and that fibers can easily be fabricated into a 
filter form. 

The filter medium of the present invention 
comprises a plurality of fibers, each of which 
comprises a body portion and a peripheral surface 
portion, and at least the peripheral surface portion 
(hereinafter often referred to as ''surface portion") 
comprises a substance containing nonionic hydro- 
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philic groups and nitrogen-containing basic func- 
tional groups. In other words, with respect to each 
of the fibers to be used in the filter medium of the 
present invention, the body portion and the 
peripheral surface portion may be either not 
integrally or integrally formed, and a portion which 
-is comprised of the above-mentioned portion may be 
either only the peripheral surface portion, or not 
only the peripheral surface portion but also the 
body portion, i.e., the entire fiber. Further, it 
is not critical whether or not the surTaces of both 
ends o-f each fiber, which are 'included by the body 
portion of the fiber, are comprised of the above- 
mentioned substance. 

Examples of nonionic hydrophilic groups in the 
resent invention include hydroxyl groups and amido 
groups. Examples of nitrogen-containing basic 
functional groups in the present invention include a 
primary amino group, a secondary amino group, a 
tertiary amino group, and a quaternary ammonium 
group, and also include nitrogen-containing aromatic 
ring groups such as a pyridyl group and an 
imidazolyl group. 

The term "basic nitrogen atom" used herein 
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means a nitrogen atom in the above-mentioned 
nitrogen-containing basic functional groups, and in 
the filter medium of the present invention it is 
requisite that the portion which contains nonionic 
hydrophilic groups and nitrogen-containing basic 
functional groups have a basic nitrogen atom content 
of from 0.2 to 4.0 % by weight. If the basic 
nitrogen atom content is less than 0.2 % by weight, 
the filter medium becomes less adhesive not only to 
platelets but also to leucocytes, thereby rendering 
it impossible to selectively remove leucocytes. On 
the other hand, if the basic nitrogen atom content 
is more than 4.0 % by weight, the filter medium 



25 



becomes adhesive not only to leucocytes but also to 
platelets, thus rendering it impossible for leuco- 
cytes to be s electively remove d. The more prefer- 
able range of the basic nitrogen atom content is 
from 0.3 to 1.5 % by weight. With respect to the 
most suitable contents of the basic nitrogen atoms 
in various raw materials for the filter medium of 
the present invention, which are described later, 
they vary according to the types of the functional 
groups contained in these raw materials and the 
conditions under which the filter medium would be 
used (e.g. they vary heavily depending on the type 
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of an anticoagulant to be added to blood). Various 
types of anticoagulants may be employed, but there 
may preferably be used citric acid type anti- 
coagulants [ACD (acid-citrate-dextrose), CPD 
(citrate-phosphate-dextrose)] and the like, because 
they stabilize platelets so that a smooth passage of 
platelets through a filter is facilitated. When 
heparin is used as an anticoagulant, filtration of a 
small amount of blood through a small-sized filter 
in a short period of time exhibits no problem, but 
filtration of a large amount of blood by a large- 
sized filter is likely to activate platelets, so 
that it becomes difficult for the platelets to pass 
through the filter. 

In the present invention, the molar amount of 
the nonionic hydrophilic group, in terms of the 
molar amount of hydroxyl group, amido group, or 
ethylene oxide unit in polyethylene oxide chains, 
may preferably be at least equal to, more preferably 
at least three times as large as the molar amount of 
the basic nitrogen atom. 

The amount of the nitrogen-containing basic 
functional groups and the amount of the nonionic 
hydrophilic groups, and the basic nitrogen atom 
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content can be measured by known methods such as 
an infrared absorptiometric method using a multiple 
total reflection infrared spectrometer, and 
elementary analysis • 

With respect to the fibers of the filter medium 
of the present invention, the average fiber diameter 
is preferably 10 ym or less, more preferably less 
than 3 \im, since the smaller the averager fiber 
diameter, the larger the leucocyte removing ability 
per unit weight of the fiber. However, if the 
average fiber diameter is less than 0.3 ym, the 
filter made up of the fibers is not only likely to 
be clogged, and but also likely to damage the cell 
wall of erythrocytes, causing hemolysis. Therefore, 
the average fiber diameter is preferably 0.3 jam or 
more. In this connection, from the viewpoints of 
the leucocyte removing ability etc., fibers having 
an average diameter of from 0.5 to 2.0 are most 
preferred • 

The "fiber diameter" used herein is defined by 
the formula:- 



wherein x is a diameter of the fiber in urn, W is a 
weight of the fiber in g, ^ is a density of the 
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fiber in g/cra^, and i is a length of the fiber in 
cm. The average fiber diameter means the value 
obtained by averaging the diameters of fibers. 

In using the filter medium of the present 
invention as a leucocyte removing filter, it may be 
used in the form of a simple mass of fibers or in 
the form of a woven or non-woven fabric. However, the 
woven or non-woven fabric form is preferable because 
with this form, in general, the leucocyte removing 
performance per unit weight of the filter is high 
and, in addition, the filter thickness in the direc- 
tion of the filtration flow can be reduced, so that 
the pressure loss may be reduced, enabling the blood 
processing rate to be increased with advantages. 
Further, in the viewpoint of ease in manufacturing 
(particularly when the fiber diameter is small), the 
non-woven fabric form is most preferably employed. 

As described before, with respect to each of 
the fibers used in the filter medium of the present 
invention, as long as the peripheral surface portion 
of the fiber is made of a substance containing ■ 
nonionic hydrophilic groups and nitrogen-containing 
basic functional groups such as those described 
before, the fiber structure may be either such that 
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the body portion of the fiber is comprised of a 
substance which is different in chemical composition 
from that of the peripheral surface portion, or such 
that the entire fiber is comprised of a substance 
containing nonionic hydrophilic groups and nitrogen- 
containing basic functional groups such as those 
described before. But, from the viewpoints of ease 
in manufacturing and cost in production, etc., the 
former is preferable. Fig. 1 is a diagrammatic 
cross section of the fiber in the case of the 
former. Surface portion 1 and body portion 2 have 
different chemical compositions, and the thickness 
of surface portion 1, actually, is small as to be 
almost neglibible as compared to the fiber diameter. 
As mentioned before, in the present invention, it is 
requisite that surface portion 1 have a specific 
chemical composition in which nonionic hydrophilic 
groups and nitrogen-containing basic functional 
groups are ' contained, and the content of the basic 
nitrogen atom is from 0.2 to 4.0 % by weight. From 
the viewpoints of technical ease and total produc- 
tion cost, it is preferred that body portion 2 be 
first prepared using a later-mentioned general 
purpose polymer material such as one used for 
producing a common fiber, and then surface portion 1 
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having the above-mentioned specific chemical compo- 
sition be formed thereon. This is more advantageous 
than the method in which the entire fiber is 
prepared using the above-mentioned specific chemical 
composition so that the entire fiber has a uniform 
structure of the above-mentioned specific chemical 
compositiono 

Illustratively stated, in the case where the 
body portion and peripheral surface portion of the 
fiber are formed integrally with each other, if the 
entire fiber is to contain nonionic hydrophilic 
groups and nitrogen-containing basic functional 
groups and have a basic nitrogen atom content of 
from 0.2 to 4.0 % by weight, the fiber can be 
prepared by spinning a polymer produced by the poly- 
merization of later-mentioned monomers. In 
addition, it is noted that even the fiber having its 
peripheral surface portion formed integrally with 
its body portion may have a similar structure to 
that of Fig. 1 in which surface portion 1 having the 
above-mentioned specific chemical composition is 
formed on the peripheral surface of body portion 2. 
That is, the fiber having such structure may be 
Obtained by a method in which the surface portion of 
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body portion 2 is modified into a substance having 
the above-mentioned specific chemical composition 
by, e.g., chemical treatment, ultraviolet ray radia- 
tion or low temperature plasma treatment, or a 
method in which a polymer layer having the above- 
mentioned specific chemical composition is formed on 
body portion 2 by surface graft polymerization. 

On the other hand, where the peripheral surface 
portion is formed separately from the body portion, 
there may be employed a method in which a polymer 
material containing nonionic hydrophilic groups and 
nitrogen-containing basic functional groups and 
having a basic nitrogen atom content of from 0.2 to 
4.0 % by weight is coated on a fiber material 
constituting the body portion. This coating method 
is preferable since it can be generally adopted 
irrespective of the type of the material of body 
portion 2. This coating method is also preferable 
since even if the surface portion of body portion 2 
is physically or chemically non-uniform, surface 
portion 1 having the above-mentioned specific 
chemical composition can be stably formed thereon. 
The diagrammatic cross section of the fiber obtained 
by the above coating method can also be represented 
by^Fig. 1. 



As the material for the body portion, there may 
be employed any of known fibers. Examples of such 
fibers include synthetic fibers such as polyester 
fibers, polyamide fibers, polyacry lonitrile fibers, 
polymethylmethacrylate fibers, polyethylene fibers 
and polypropylene fibers, semi-synthetic fibers such 
as cellulose acetate fibers, regenerated fibers such 
as cuprammonium rayon fibers, viscose rayon fibers, 
and viscose staple fibers, natural fibers such as 
cotton fibers, silk and wool, inorganic fibers such 
as glass fibers and carbon fibers. Of these, 
synthetic fibers are preferably employed. When a 
fiber which is produced by spinning is to be 
employed, a fiber which can easily be spinned, of 
course, is preferred, from the viewpoint of ease in 
manufacturing. 

The surface portion containing hydrophilic 
groups and nitrogen-containing basic functional 
groups may preferably have an average thickness of 
about 1 0 A or more. If the thickness is less than 
10 A, it becomes difficult for the body portion to 
be completely covered by a substance containing 
nonionic hydrophilic groups and nitrogen-containing 
basic functional groups, so that it becomes 
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difficult to selectively remove leucocytes while 
holding down the loss of platelets to a minimum. 
There is particularly no upper limit for the average 
thickness. However, when a polymer containing 
nonionic hydrophilic groups and nitrogen-containing 
basic functional groups is coated on the body 
portion or when the peripheral surface portion is 
formed by graft polymerization, the upper limit for 
the average thickness of the polymer coating or the 
graft polymerized peripheral surface portion is 
preferably less than about 1 um- If the average 
thickness is 1 ym or more, the cost for the forma- 
tion of the peripheral surface portion made of 
polymer becomes high and, a portion of the surface 
portion is likely to come off and enter the blood to 
be processed when the mechanical strength of the 
formed peripheral surface portion is low. The more 
preferable range of the average thickness of the 
peripheral surface portion is from 40 A to 400 A. 

V?hen peripheral surface portion 1 containing 
nonionic hydrophilic groups and nitrogen-containing 
basic functional groups and having a basic nitrogen 
atom content of from 0.2 to 4.0 % by weight is 
formed on the surface of body portion 2 by surface 
graft polymerization or polymer coating, there is 
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generally employed a method in which one or more 
monomers having nonionic hydrophilic groups and one 
or more monomers having nitrogen-containing basic 
functional groups are subjected to customary surface 
graft polymerization, or a method in which a polymer 
produced by polymerizing the above-mentioned two 
types of monomers by a usual procedure is coated. 
With respect to the method for synthesizing a coat- 
ing material, different types of monomers may be 
graft copolymerized or block copolymerized , and when 
the thus obtained coating material is coated on 
fibers constituting a body portion, there can be 
formed a microphase separated structure in the 
peripheral surface portion. Alternatively, there 
may be employed a method in which a polymer having 
nonionic hydrophilic groups and a polymer having 
nitrogen-containing basic functional groups are 
separately prepared and these two types of polymers 
are blended just before coating. 

Examples of monomers containing nonionic hydro- 
philic groups which are employable for the above- 
mentioned graft polymerization or for the synthesis 
of a polymer for the above-mentioned coating method, 
includes monomers containing a hydroxyl group or an 
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amido group, such as 2-hydroxyethyl (meth)acrylate, 
2 -hydroxy propyl (meth)acrylate, vinyi alcohol (vinyl 
acetate is polymerized and then hydrolyzed), 
(meth)acrylamide and N-yinylpyrrolidone. Examples 
of nonionic hydrophilic groups also include a poly- 
ethylene oxide chain. Of the above-mentioned 
monomers, 2-hydroxyethyl acrylate and 2-hydroxyethyl 
methacrylate are preferably employed from the view- 
points of availability, ease in handling in the 
polymerization, performance of the resulting surface 
portion when blood is flowed. 

Examples of monomers containing nitrogen- 
containing basic functional groups include allyl- 
amine; ( meth) acrylic acid derivatives such as 
dimethylaminoethy 1 (meth) acrylate , diethylamino- 
ethyl ( meth) acrylate , dimethy lam i nop ropy 1 ( meth) - 
acrylate, 3 -dimethylami no -2 -hydroxy propyl ( meth) - 
acrylate; styrene derivatives such as p-dimethyl- 
aminomethylstyrene, p-diethy lamincethy Is tyrene; 
vinyl derivatives of nitrogen-containing aromatic 
compounds such as 2-vinylpy ridine , 4-vinylpyridine, 
4-vinylimidazole; and derivatives as obtained by 
converting the above-mentioned vinyl compounds to a 
quaternary ammonium salt using a halogenated alkyl 
or the like. Of these monomers, dimethylaminoethyl 
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(meth)acrylate and diethylaminomethyl (meth)- 
acrylate are preferably employed from the viewpoints 
of availability, ease in handing in the polymeriza- 
tion, performance of the resulting surface portion 
when blood is flowed. 

In producing the filter medium of the present 
invention by a method in which the above-mentioned 
type of polymer material is coated on fibers 
constituting the body portion, the fiber may be 
dipped in a solution prepared by dissolving the 
polymer material in a suitable solvent, and then 
surplus solution is removed by, e.g., mechanical 
compression, gravity or centrif ugation, followed by 
drying in dry gas or under vacuum at room temper- 
ature or at elevated temperatures. 

Before coating, the surface of the fiber may be 
treated with appropriate chemicals, in order to 
facilitate the adhesion between the polymer material 
and the fiber. Further, after the coating, the 
polymer-coated fiber may be subjected to heat treat- 
ment, in order to enhance the adhesion between the 
fiber and the above-mentioned polymer material or to 
cause a crosslinking reaction in the coated polymer 
material for stabilizing the surface portion. In 
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addition, the coating may be conducted simultaneous- 
ly with, or after the spinning of the fiber. 
Further, in the case where the filter medium of the 
present invention is to be used as a filter for 
removing leucocytes in the form of a woven or non- 
woven fabric, the coating of the above-^mentioned 
polymer material may be conducted before or after 
the fabrication of the fibers into the woven or non- 
woven fabric form, 

.When the filter medium of the present invention 
is employed as a filter for removing leucocytes, the 
filter medium of the present invention may be packed 
in a known appropriate filter container for blood 
filtration which has an inlet and an outlet. The 
bulk density of the packed filter medium may be 
varied according to the fiber diameter, but is 
preferably 0.02 to 0.7 g/cm^. The "bulk density" 
used herein means a value obtained by dividing the 
weight of the effective portion of the filter medium 
packed in a -container by the volume of space 
occupied by the effective portion. When the filter 
medium of the present invention is used in the form 
of a woven or non-woven fabric, it may be used as a 
single sheet of fabric or as a laminate of a 
plurality of sheets of fabrics depending on the 
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thickness of the sheeto When a laminate of a 
plurality of sheets is used, the number of sheets is 
not strictly limited but is usually several to 
several tens depending on the blood filtration 
conditionSo 

Preferred Embodiment of the Invention 

The present invention will be described in more 
detail with reference to the Examples, which should 
not be construed to be limiting the scope of the 
present invention* 

Examples 1 to 3 and Comparative Examples 1 to 4 
A copolymer of 2-hydroxyethyl methacrylate 
(hereinaf ter referred to as "HEMA'M and die thyl- 
aminoethy l methacrylate (hereinafter referred to as 
"DEAMA") was synthesized by a customary solution 
radical polymerization. With respect to the poly- 
merization conditions, the polymerization was 
conducted at 60 ""C for 8 hours, using monomers at a 
monomer conce ntration of 1 mole /i i n ethano l in the 
presence of 1/200 mole/i of azoisobutylonitrile 
(AIBN) as an initiator. The thus obtained polymer 
was subjected to elementary analysis thereby to 
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determine its basic nitrogen atom content* A non- 
woven fabric (weight : 60 g/m^) of polyethylene 
terephthalate fibers having an average diameter of 
1.8 ]im was cut into disks of 25 mm in diameter and 
these disks were dipped in a 0.1 % ethanol solution 
of the above obtained copolymer, and the surplus of 
the solution contained in the disks was removed by 
squeezing. The resultant disks were held in filter 
holders by two disks per holder and dried by blowing 
dry air. 

The thus obtained coated disks of fabric were 
set in filter holders (manufactured by Shibata 
Scientific Technology Ltd., Japan) by two disks per 
holder to form a filter (thickness, 1.0 mm), and 
5 ml of fresh bovine blood, having incorporated 
therein ACD (acid-citrate-dextrose) as anti- 
coagulant, was flowed through the filter by means of 
a syringe pump at a constant flow rate of 2 ml/min 
at room temperature. 

Certain amounts of the blood before and after 
filtration were taken as samples. A blood sample 
was diluted with Tlirk's solution and then subjected 
to a measurement of the leucocyte concentration by 
using a hemocytometer. At the same time, another 
blood sample was diluted 100 times with a 1 % aqueous 




- 25 - 



02S7286 



ammonium oxalate solution and subjected to a 
measurement of the platelet concentration by using a 
hemocytometer (Brecher-Cronkite method). Leucocyte 
removal ratio and platelet passage ratio were deter- 
mined by the following equations. 
Leucocyte removal ratio (%) 

Leucocyte concentration after ^ 
passage through non-woven fabric [ 

' " ' — W 100 

Leucocyte concentration before j 
passage through non-woven fabric | 

Platelet passage ratio (%) 

Platelet concentration after 
passage through non-woven fabric 

= X 100 

Platelet concentration before 
passage through non-woven fabric 

In Table 1 , there are shown the DEAMA unit 
content (mole %) and the basic nitrogen atom content 
(% by weight) in the coated copolymer of HEMA and 
DEAMA, the value .of leucocyte removal ratio and the 
value of platelet passage ratio. 

The non-coated filter medium (Comparative 
Example 4) corresponds to the filter disclosed by 
Watanabe et al. and the filter medium coated with a 
polymer containing 0 % of DEAMA (i.e. the homo- 
polymer of HEMA) (Comparative Example 1) corresponds 
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to the filter disclosed by Kuroda et al. 

For a filter medium for selectively removing 
leucocytes with high efficiency and with little loss 
of platelets^ it is practically necessary that the 
platelet passage ratio be 75 % or more and the 
leucocyte removal ratio be 85 % or more. 

As apparent from Table 1 , in the case of the 
non-coated filter (the filter of Watanabe et al.) 
(Comparative Example 4), the leucocyte removal ratio 
is 88*8 %, which is satisfactorily high, but the 
platelet passage ratio is as low as only 12.9 %, 
that is, selective removal of leucocytes cannot be 
attained. On the other hand, in the case of the 
filter coated with the homopolymer of HEMA (the 
filter of Kuroda et al.) (Comparative Example 1), 
the platelet passage ratio is satisfactorily 77.0 %, 
but the leucocyte removal ratio is as low as 68.3 %, 
that is, in this case too, selective removal of 
leucocytes is not attained. 

As indicated in Table 1, even in the case where 
a material containing nonionic hydrophilic groups 
and nitrogen-containing basic functional groups is 
used for coating, if the basic nitrogen atom content 
is low (Comparative Example 2), the platelet passage 
ratio is as high as 91.6 %, but the leucocyte 




" 27 - 



0267286 



removal ratio is as low as 66,3 %, that is, selec- 
tive removal of leucocytes cannot be attained, 
whereas if the basic nitrogen atom content is 7,56 % 
which is too high, and the nonionic hydrophilic 
group content is zero (Comparative Example 3), the 
leucocyte removal ratio is sufficiently 98.1 %, but 
the platelet passage ratio is as low as 3.2 %, that 
is, in this case too, selective removal of leuco- 
cytes is not attained. In contrast, in the case of 
each of the filter mediums which have basic nitrogen 
atom contents of 0.53 %, 1.03 % and 1.98 %, respec- 
tively, a leucocyte removal ratio of 85 % or more is 
attained while enjoying a platelet passage ratio of 
75 % or more, that is, selective removal of leuco- 
cytes is performed. 
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Examples 4 to 6 

A copolymer of HEMA and ethyl trimethylmeth- 
acrylate ammonium chloride having an ethyl 
trimethylmethacrylate ammonium chloride monomeric 
unit content of 5 mole % (the basic nitrogen atom 
content is 0,52 wt% and the copolymer is hereinafter 
referred to as "HT"), a copolymer of HEMA, N-vinyl- 
pyrrolidone and dimethylaminomethyl methacrylate, in 
which the contents of the monomeric units are 
60 mole %, 30 mole % and 10 mole %, respectively 
(the basic nitrogen atom content is 1.10 wt% and the 
copolymer is hereinafter referred to as "HVM"), a 
copolymer of HEMA, monomethoxy polyethylene glycol 
methacrylate (the number of the repeating units of 
ethylene oxide : 23) and DEAMA, in which the 
contents of the monomeric units are 80 mole %, 5 
mole % and 15 mole %, respectively (the basic 
nitrogen atom content is K12 wt% and the copolymer 
is hereinafter referred to as "HME") were each 
synthesized by solution polymerization in the same 
manner as in Example 1. Each of the thus obtained 
copolymers was coated on a non-woven fabric in the 
same manner as in Example 1 , thereby to obtain 
filter mediums, and these filter mediums were set in 
filter holders as described in Example 1 , and then 



" 30 - 



C267286 



bovine blood was flowed through these filter 
mediums^ in order to examine the permeabilities to 
blood cells 

The results are shown in Table 2. Each of the 
filter mediums coated with HT, HVM and HME, respec- 
tively was found to be a filter medium which is 
capable of selectively removing leucocytes with a 
leucocyte removal ratio of 85 % or more and a plate- 
let passage ratio of 75 % or more. 





Table 


2 






Example 4 


Example 5 


Example 6 




H T 


HVM 


H M E 


Basic nitrogen 
atom content 
(wt %) 


0.52 


1.10 


1.12 


Leucocyte 
removal ratio 
(%) 


95.4 


93 .8 


92. 3 


Platelet 
passage ratio 
(%) 


80.7 


83.9 


85.1 



Leucocyte concentration before filtration: 
5470 cells/ui 

Platelet concentration before filtration: 
273000 cells/ui 
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Example 7 

The same non-woven fabric as used in Example 1 
was dipped in a 1:1 mixture of N,N-diethylethyl- 
enediamine and methanol, thereby to introduce, by 
ester-amide exchange reaction, amide groups, and 
hydroxyl groups derived from the ester groups of the 
polyethylene terephthalate of the non-woven fabric, 
as nonionic hydrophilic groups, and diethylamino 
groups as nitrogen-containing basic functional 
groups onto the surface of the non-woven fabric. 
The reaction formula is as follows. 

NHa - CHa -CH^ - NEtz 

R-C-O-CHj - R' > 

11 
0 

R-C-NH-CHz-CH^-NEta+HO-CHj-R' 
0 

The analysis of the surfaces of the fibers by 
means of a multiple total reflection infrared 
spectrometer showed that the ratio of the ester 
linkages to the amido linkages was about 9:1 and the 
basic nitrogen atom content was about 1,3 % by 
weight. 
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This non-woven fabric with its surface 
chemically treated was cut into a disk of 25 mm in 
diameter to obtain a filter, and blood was flowed 
therethrough in the same manner as in Example 1 
(leucocyte concentration before filtration : 5740 
cells/yX, platelet concentration before filtration : 
258000 cells/ui). 

With respect to the results,, the leucocyte 
removal ratio was 86.5 % and the platelet passage 
ratio was 81 .0 %, that is, leucocytes were selec- 
tively removed. 

Example 8 and Comparative Example 5 

The same non-woven fabric as used in Example 1 
was cut into squares each having a 67 mm x 67 mm 
size, and 20 of them were compiled into a laminate, 
which was then packed in a column as indicated in 
Fig. 2. In Fig. 2 non-woven fabric laminate 6 is 
set in column 3 composed of 2 square frame works 4 
and 4' and the peripheral portion of the laminate is 
firmly pressed together. Numerals 5 and 5' 
represent projections which are provided inside the 
column, and which hold the non-woven fabric filter 
at points in its portion other than the periphery. 
The non-woven fabric filter has an effective cross- 
sectional area of 60 mm x 60 mm = 3600 mm and has a 
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thickness of 7 mnio A0.1 % polymer solution in 
ethanol in which the polymer is a copolymer of HEMA 
and DEAMA and has a DEAMA unit content of 5 mole% 
(the basic nitrogen atom content is 0o53 wt%^ and 
the polymer is hereinafter referred to as "HE-5") 
was flowed through the above-mentioned column having 
set therein the above-mentioned non-woven fabric, 
and the fabric set in the column was subsequently 
dried by blowing dry air and further well dried in 
vacuum 0 

2 Liters of fresh bovine blood having incorpo- 
rated therein anticoagulant ACD was flowed through 
the thus prepared column at a flow rate of 



30 ml/min^ in order to examine the leucocyte removal 
ratio and the platelet passage ratio (the concentra- 
tions of leucocytes and platelets before filtration 
were 5300 cells/yi and 315000 cells/yi, respective- 
ly) (Example 8)o For comparison, a filter medium 
not coated with HE-5 was also examined under the 
same conditions as mentioned above (Comparative 
Example 5)o 

The non-coated filter (the filter of Watanabe 
et alo) exhibited a leucocyte removal ratio of 
78 c 6 % and a platelet passage ratio of 78o2 % while 
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the filter coated with HE-5 (the filter of the 
present invention) (Example 8) exhibited a leucocyte 
removal ratio of 89.3 % and a platelet passage ratio 
of 91,4 %. In the case of the non-coated filter, 
when blood is flowed therethrough in an amount as 
much as 2 liters, platelets tend to pass there- 
through relatively easily, however, the leucocyte 
removal ratio becomes decreased, so that selective 
removal of leucocytes cannot be satisfactorily 
performed. On the other hand, in the case of the 
filter coated with HE-5, even when such a large 
amount of blood is flowed, satisfactorily selective 
removal of leucocytes can be performed. This 
indicates that the filter medium of the present 
invention can apply to a leucocyte removal therapy 
by the extracorporeal circulation method. 
Example 9 

A non-woven fabric made of polyethylene 
terephthalate fibers having an average diameter of 
4.7 iim (weight : 88 g/m^) was cut into squares each 
having a 67 mrri x 57 mm size and 1 4 of them were 
packed in columns in the same manner as in Example 
8, followed by subjecting to coating treatment with 
HE-5. When 400 ml of fresh bovine blood (leucocyte 
concentration : 4830 cells/yi, platelet concentra- 
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tion : 284000 cells/ui) was flowed through the thus 
obtained filter in the same manner as in Example 8, 
there were obtained a leucocyte removal ratio of 
86.1 % and a platelet passage ratio of 92.3 %, that 
is, selective removal of leucocytes was performedo 
Example 1 0 and Comparative Example 6 

The same non-woven fabric as used in Example 1 
was cut into squares each having a 67 mm x 67 mm 
size and 12 of them were compiled into a laminate, 
which was then packed in a column and subjecting to 
coating with HE-5 polymer in the same manner as in 
Example 8. 500 ml of platelet rich plasma 
(leucocyte concentration : 413 cells/yi, platelet 
concentration : 299000 cells/pi) prepared by 
centrifuging fresh bovine blood having incorporated 
therein ACD was flowed through the above obtained 
column by the force of gravity at a head of 80 cm 
(Example 10), For comparison, a non-coated filter 
medium was also examined under the same conditions 
as mentioned above (Comparative Example 6), 

The non-coated filter exhibited a leucocyte 
removal ratio as high as 1 00 % but a platelet 
passage ratio as low as 69.7 %, whereas the filter 
coated with HE-5 exhibited a leucocyte removal ratio 
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of 100 % and a platelet passage ratio of 93.8 %, 
that is, leucocytes were selectively removed with 
little loss of platelets. 
Example 1 1 and Comparative Example 7 

The same non-woven fabric as used in Example 1 
was cut into disks each having a diameter of 70 mm 
and 8 of them were compiled into a laminate, which 
was then packed in a column so that the column 
filter has an effective cross-sectional area of 
28,3 cm^ and a thickness of 4 mm, and subsequently 
subjected to coating with HE-5 polymer in the same 
manner as in Example 8. 300 ml of platelet concen- 
trate (leucocyte concentration : 4675 cells/u£, 
platelet concentration : 550000 cells/ui) prepared 
by centrifuging fresh bovine blood having incorpo- 
rated therein ACD was flowed through the above 
obtained column by the force of gravity at a head of 
80 cm (Example 11), For comparison, a non-coated 
filter medium was also examined under the same 
conditions as mentioned above (Comparative Example 
7). 

The non-coated filter exhibited a leucocyte 
removal ratio as high as 93.1 %, but a platelet 
passage ratio as low as 60.5 %, whereas the filter 
coated with HE-5 exhibited, a leucocyte removal x-atio 
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of 92o0 % and a platelet passage ratio of SSd 
which are both high, that is, leucocytes were selec- 
tively removed with little loss of plateletSo 
Brief Description of Drawings 

Figo 1 is a diagrammatic cross-sectional view 
of a fiber used for the filter medium of the present 
invention, which comprises a peripheral surface 
portion and a body portion having a different 
chemical composition from that of the peripheral 
surface portiono 

1 s peripheral surface portion of the fiber 

2 s body portion of the fiber 

Figo 2 is a cross-sectional side view of one 
form of a filter (column) having packed therein a 
filter medium of the present inventione 

3 s column body 

4, 4' s square-shaped frames 

5, 5' s projections 

5 t non-woven fabric filter layer 

7 t blood inlet 

8 z blood outlet 

Probability of Utilization in Industry 
The filter medium of the present invention is 
extremely useful for selectively removing leucocytes 
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with high efficiency and with little loss of plate- 
lets. It is expected that by the removal of leuco- 
cytes contained in a blood product for platelet 
transfusions by using the filter medium of the 
present invention, the side effects due to the 
transfusions will be reduced and, further, the life 
of transfused platelets would be prolonged. It is 
further expected that when the filter medium of the- 
present invention is employed in an extracorporeal 
circulation leucocyte removal therapy for patients . 
of autoimmune diseases and leukemia, leucocytes 
would be removed efficiently in a shortened period 
of time and almost no other useful blood components 
would be lost and, hence, the burden on the patient 
would be little, providing an excellent remedial 
effect. 
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What is claimed is; 



1. A filter medium for selectively removing leucocytes, 
which comprises a plurality of fibers, each comprising a 
body portion and a peripheral surface portion, and each 
containing nonionic hydrophilic groups and nitrogen- 
containing basic functional groups at least in said 
peripheral surface portion, said peripheral surface portion 
having a basic nitrogen atom content of from 0.2 to 4.0 % 
by weight, 

2. The filter medium according to claim 1, wherein each 
fiber has a diameter of from 10 pm or less. 

3. The filter medium according to claim 1, wherein each 
fiber has a diameter of from 0.3 urn to less than 3.0 ym. 

4. The filter medium according to any one of claims 1 to 

3, which is in the form of a non-woven fabric, 

5. The filter medium according to any one of claims 1 to 

4, wherein said peripheral surface portion is formed 
integrally with or separately from said body portion and 
said body portion has a chemical composition different from 
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that of said peripheral surface portion. 

6. The filter medium according to claim 5, wherein said 
peripheral surface portion comprises a polymer containing 
nonionic hydrophilic groups and nitrogen-containing basic 
functional groups, and has a basic nitrogen atom content of 
from 0.2 to 4.0 % by weight, said peripheral surface 
portion being comprised of a coating formed on said body 
portion having a chemical composition different from that 
of said polymer, 

7. The filter medium according to claim 5, wherein said 
peripheral surface portion is formed integrally with said 
body portion. 

8. The filter medium according to any one of claims 1 to 
6, wherein the basic nitrogen atom content of said 
peripheral surface portion which contains nonionic hydro- 
philic groups and nitrogen-containing basic functional 
groups is from 0.3 to 1.5 % by weight. 

9. The filter medium according to claim 1 , wherein said 
peripheral surface portion is formed integrally with said 
body portion, and each of said body portion and said 
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peripheral surface portion contains nonionic hydrophilic 
groups and nitrogen-containing basic functional groups and 
has a basic nitrogen atom content of from 0.2 to 4.0 % by 
weight. 
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